Induced pluripotent stem cells (iPSC) 
Introduction

Induced pluripotent stem cells, which represent an ideal cell source for future cell therapy and regenerative medicine [1, 2], can differentiate into fully functional cardiomyocytes (CM) exhibiting cardiac-like transmembrane action potentials, intracellular Ca recently reported the successful generation of iPSC derived from HFKT [4]. The HFKT-iPSC-derived spontaneously beating cardiomyocytes (HFKT-iPSC-CM) displayed well-coordinated intra
Materials and methods
Generation of hESC-CM and HFKT-iPSC-CM
iPSC were generated from human hair follicle keratinocytes as detailed in our recent publication [4] . hESC from clone H9.2 were grown on mouse embryonic fibroblast feeder as previously described [6] . hESC and iPSC were spontaneously differentiated towards embryoid bodies (EBs) and cardiomyocytes as previously described [3, 6] .
Microelectrode array (MEA) recordings
Extracellular electrograms were recorded from spontaneously contracting EBs, using the MEA set-up (Multi Channels Systems, Reutlingen, Germany) as previously described [4, 7, 8] . 
Whole-cell current clamp recordings
Statistical analysis
The morphometric parameters of width and length of cardiomyocytes were compared by means of the Student's t-test for unpaired observations.
Results
HFKT-iPSC-CM physiology
The functionality of the iPSC-CM is illustrated by robust extracellular electrograms recorded by the MEA data acquisition system (Fig. 1A) . In addition, the functionality of these cells is also demonstrated by representative recordings of spontaneous generated action potentials with prominent pacemaker potential (Fig. 1B) . Similar results were obtained in eight preparations and were previously described [4] . (Fig. 3) . In contrast, the centrally-located cardiomyocytes were densely packed, round-shaped, with no visible striations, but with numerous lipid vacuoles and glycogen content (Fig. 4, blue sections, (Fig. 3A) and hESC-CM (Fig. 3B ) from the EBs periphery were more elongated than cells in the centre which had an irregular shape with a round oval cellular body and short intermeshed cellular processes (Fig. 4A  and B) . Small cellular spaces containing collagen fibrils and cellular debris were present in between differentiated cardiomyocytes in the centre of EBs. The nuclei of the cardiomyocytes were more oval in the periphery (Fig. 3 ) than in the centre (Fig. 4) of the EBs where they showed a slightly irregular contour. Figure 5 , the lengths of the cardiomyocytes were distributed differently (Fig. 14) .
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The overall ultrastructural features of EBs
Light microscopy inspection of semi-thin sections from resinembedded samples revealed EBs as spherical dense cellular colonies in both HFKT-iPSC-CM (Fig. 2A) and hESC-CM (Fig. 2B).
As shown in Figure 3 (blue sections, insets), the cells in the periphery of the EB were elongated with a rod-shaped morphology, and often a clear cross-striations pattern of myofibrils was visible in the cytoplasm
insets). Electron microscopy showed that all EBs contain similar cells with ultrastructural features of cardiomyocytes (Figs 3 and 4) surrounded by a monolayer of epithelial cells. The HFKT-iPSC-CM
Comparative structural analysis of HFKT-iPSC-CM and hESC-CM
Our findings show that HFKT-iPSC-CM and hESC-CM differ quantitatively in several structural parameters. As seen in
Fig. 1 Electrophysiological features of cardiomyocytes derived from iPSC generated from human plucked hair follicle keratinocytes (HFKT-iPSC-CM; clone KTN3). (A) Extracellular electrograms recorded by means of MEA data acquisition system from a spontaneously contracting embryoid body (EB). (B) Representative action potential recordings from a spontaneously contracting EB (clone KTN3), demonstrating the pacemaker activity of the HFKT-iPSC-CM.
Fig. 2 Light microscopy of semi-thin sections. Toluidine blue staining of resin-embedded embryoid bodies of HFKT-iPSC (A) and hESC (B). The red squared marked areas in the periphery of EBs in (A) and (B) have the corresponding light and electron microscopy in
Myofibrils
All cells in the EB had myofibrils in the cytoplasm, the main feature defining cardiomyocytic differentiation of HFKT-iPSC and hESC (Figs 6 and 7). The myofibrils showed variable degrees of organization as sarcomeres (Fig. 6). Myofilaments were present in the cardiomyocytes, and usually were organized in myofibrils with a sarcomeric pattern in both HFKT-iPSC-CM (Fig. 7A) and hESC-CM (Fig. 7B). The myofibrils had a winding flow into the cells with straight segments formed by up to eight sarcomeres in HFKTiPSC-CM, and up to seven sarcomeres in hESC-CM (counted in 28 cells for each type of EB). Sarcomeres mean length was
.62 m for hESC-CM). No other bands were visible in the sarcomeres construct neither in HFKT-iPSC-CM nor in hESC-CM. The myofibrils were inserted into the developing intercalated disc at the level of fascia adherens
Mitochondria
Electron microscopy showed that mitochondria have similar aspect and distribution in HFKT-iPSC-CM (Fig. 8A ) and hESC-CM (Fig. 8B) . Long (up to 6 m; Fig. 9A ) and slender (0.2-0.5 m) mitochondria were clustered in small groups next to the nucleus (Fig. 3 ) or in the periphery (Fig. 4) of cardiomyocytes. The nano-contacts linking mitochondria and sarcoplasmic reticulum cisternae were rare (Fig. 9B) , although these two organelles were closely associated (Fig. 8) . 
Sarcoplasmic/endoplasmic reticulum
HFKT-iPSC-CM (Fig. 10A) and hESC-CM (Fig. 10B) equally presented conspicuous rough endoplasmic reticulum and poorly developed sarcoplasmic reticulum (Figs 11 and 12). Few sarcoplasmic reticulum cisterns were peripherally coupled with the plasma membrane by small dense structures ('feet'). Such 'Ca 2ϩ
Fig. 5 Histograms for measured lengths of HFK-iPSC-CM (A) and hESC-CM (B). The red line represents the ideal situation. In each group, 28 cardiomyocytes were analysed. The analysis included three EBs from each group.
release units' were present in the differentiated cardiomyocytes (Figs 11 and 12 ), although they were infrequent.
Caveolae
The plasma membrane of differentiated cardiomyocytes showed caveolae (Fig. 13) and coated pits. On oblique sections through the plasmalemma it was obvious that sarcoplasmic reticulum cisternae surround caveolae (Fig. 13) . The basal lamina (Fig. 13) was visible on the plasmalemma of the cardiomyocytes. (Fig. 15B) . The HFKT-iPSC-CM and hESC-CM in the periphery of the EBs showed more mature phenotype than those in the centre.
Other organelles
Other organelles equally visible in HFKT-iPSC-CM and hESC-CM were well-developed Golgi system (Figs 6B and 8B), lysosomes, centrioles, ribosomes (Fig. 7) and inconspicuous dense granules. Semi-quantitative assessment of ultrastructural features showed that the organelles were similarly developed in HFKT-iPSC-CM and hESC-CM (Fig. 15A) but differentiation was not uniform into the EBs
Fig. 6 Electron microscopy of HFK-iPSC-CM. Note highly organized myofilaments which form myofibrils (A) or myofibrils lacking alignment (B) in HFKiPSC-CM. (A) Z-like dense structures connect bundles of myofilaments. (B) Z-bands clearly show sarcomere limits along myofibrils. J: junctions; L: lipid droplet; m: mitochondria; G: Golgi system.
Fig. 8 Electron microscopy shows clusters of long and slender mitochondria in HFK-iPSC-CM (A) and hESC-CM (B)
. SR: sarcoplasmic reticulum; gly: glycogen granules; Z: Z band. 
Fig. 9 Electron microscopy of iPSC-CM mitochondria. (A) Note a long mitochondrion (yellow outlined; 6 m). (B) Small dense structures (arrows) connect sarcoplasmic reticulum (SR) with a mitochondrion. L: lipid droplets; gly: glycogen.
Fig. 10 Electron microscopy shows conspicuous rough endoplasmic reticulum (rER) in HFK-iPSC-CM (A) and hESC-CM (B
Intercellular junctions
Differentiated cardiomyocytes were connected by desmosomes and fascia adherens often forming together junctional complexes (Fig. 14) 
